A 45,X karyotype is one of the common chromosomal abnormalities characterized by short stature, lack of development of secondary sexual characteristics, webbed neck and cubitus valgus. This phenotype was described by Turner in 1938 and was called Turner syndrome (TS). About 40-60% of the patients with TS phenotype have a 45,X karyotype, the rest either have a structurally abnormal X or Y chromosome or mosaicism with a second cell line. Determination of Y chromosome derivatives in patients with a 45,X karyotype is important for the management of these patients due to increased risk of gonadoblastoma. Low level mosaicisim of Y chromosome may be missed by cytogenetic methods. The aim of our study is to analyze cryptic Y chromosome derivatives using Y specific sequences in 40 Turkish patients with a pure 45,X karyotype. Fourteen different Y specific sequences along the Y chromosome were selected for the detection of cryptic Y chromosome material by PCR analysis. The present study demonstrated that 2 patients with a 45,X karyotype (5%) have Y specific sequences except sex releated region Y (SRY). One of them had displayed enhanced virilisation whereas other showed no virilisation. In conclusion, it has been found by PCR analysis that 5% of patients with a 45,X karyotype have Y chromosome sequences in the absence of any marker chromosome by cytogenetic analysis. The data also suggest that the patients with a 45,X karyotype should be analyzed for the presence of Y chromosome derivatives by sensitive methods, such as PCR, in order to calculate the future risk of developing gonadoblastoma.
and nine patients had cardiac anomalies. Only one patient had displayed enhanced virilisation at the time of referral.
This project was approved by the ethics committee o f P a m u k k a l e U n i v e r s i t y S c h o o l o f M e d i c i n e (27.09.2006-08) . Written informed consent was obtained from adults and the parents of children younger than 16 years old.
Cytogenetic analysis
Chromosome analysis had been performed using peripheral blood lymphocytes from all patients at the original medical centers they were referred to. Metaphase chromosomes had been evaluated by GiemsaTripsin-Giemsa (GTG) banding and at least 30 metaphases were analyzed for each patient. The patients with a pure 45,X karyotype were included in the study.
Molecular genetic analysis
Peripheral blood samples were collected from 40 patients with a 45,X karyotype. Four nulliparous healthy females and four healthy males were included in this study as negative and positive control groups, respectively. DNA was isolated by QIAamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) according to the "blood and body fluid protocol" and also by standard salt precipitation technique using peripheral blood samples. Fourteen different Y chromosome specific sequences located along the Y chromosome were selected for the detection of cryptic Y chromosome material by PCR analysis (Fig. 1). A 45,X karyotype is one of the common chromosomal abnormalities that occurs in about 1/2,500 live female birth. The phenotype is characterized by short stature, lack of development of secondary sexual characteristics, webbed neck and cubitus valgus. It was described by Turner in 1938 and called Turner syndrome (TS) (Jones 1997) . In addition to these features, renal and cardiac anomalies may also be observed (Hall and Gilchrist 1990) .
About 40-60% of the patients with TS phenotype have a 45,X karyotype, and the rest of them either have a structurally abnormal X or Y chromosome or mosaicism with a second cell line. About 5% of the TS patients have a marker chromosome derived from Y chromosome. With the help of advanced technology on molecular cytogenetics and molecular genetics, hidden Y chromosome derivatives can be easily demostrated in patients with a 45,X karyotype (Hall and Gilchrist 1990) .
Demonstration of the hidden Y chromosome material in patients with a 45,X karyotype is extremely important, due to the increased risk of developing gonadoblastoma or dysgerminoma in dysgenetic Y-bearing gonads. Hence, it is recommended that the gonads should be removed before hormone treatment (Gibbons et al. 1999; Gravholt et al. 2000; Mazzanti et al. 2005; Pena-Alonso et al. 2005; Brant et al. 2006) .
The aim of this study is to analyze the precence of occult Y chromosome derivatives using PCR methods in Turkish patients who have a pure 45,X karyotype by conventional cytogenetic techniques.
MATERIALS AND METHODS

Patients
Forty Turkish patients with pure a 45,X karyotype were included in this study from four distinct medical centers in Turkey. The average of the patients' age was 12.7 years old (the youngest being at one year of age and the oldest 25 years of age). The referral data revealed that short stature and unvisible or streak-like gonads on ultrasonography (US) as the most common findings. Additioanlly, eight patients had renal anomalies (one renal agenesis, and seven horseshoe or ectopic kidneys) Designed primer sequences and expected size of the PCR products were summarized in Table 1 . PCR reactions were done in a total volume of 50 μ l, including, extracted DNA, 20 pmol of each forward and reverse primers, and 25 μ l of HotStarTaq Master Mix (containing 2.5 units of HotStarTaq DNA polymerase, 1x PCR buffer with 1.5 mM MgCl 2 , and 200 μ M of each dNTP (Qiagen, Hilden, Germany). The thermal cycling was performed as follows: initial activation of HotStarTaq DNA polymerase at 95°C for 15 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 57°C for 1 min (specific annealing temperature for each primer is summarized in Table 1 ) and, extension at 72°C for 1 min, with final extension at 72°C for 10 min. The PCR amplification products were separated by 2% agarose gel electrophoresis and visualized by exposure to ultraviolet light after ethidium bromide staining. Peripheral blood samples obtained from four healthy men were used to determine the PCR specificity, sensitivity and optimization as positive controls; whereas peripheral blood samples obtained from four healthy nullipar women served as negative controls. DNA samples from four males, four females and water (no DNA template) were included in each PCR reaction as controls together with the patients' samples. All DNA extractions and PCR reactions were performed by a female technician to avoid the risk of male DNA contamination. 
RESULTS
Y chromosome specific sequences (PABY, SRY, DYS14, AMGY, DYZ3, DYS273, DYS280, DYS218, DYS224, DYS209, DYS231, DYS1, YRRM, DYZ1) used in this study except sex releated region Y (SRY) were detected in two of the patients (patient #35 and #38). SRY (270bp) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (97 bp) were co-amplified in a multiplex PCR setting using DNA from these two patients, control male and female, and water without DNA to confirm absence of SRY. Both of the DNA samples from patients were found negative for SRY (Fig. 2) .
Patient #35 was 13 years old and had short stature, high arched palate, prominent ears, and low set hairline. The patient had no signs of virilisation with completely normal female external genitalia. Abdominal and pelvic US showed unilateral absence of gonad and normal sized uterus after sex steroid replacement and, unilateral renal agenesis. PCR analysis detected the presence of Y specific sequences included in this study, except SRY in this patient (Fig. 2) . The family was counselled about the health issues associated with the presence of Y chromosome sequences. The patient was scheduled for gonadal close follow-up and cytogenetic analysis from skin fibroblasts was planned.
Patient #38 was 4 years old and had ambiguous genitale. Assigned gender was male by the family. On physical examination the patient had short stature, mild micrognathia, prominent and posteriorly rotated ears, high arched palate, and short 4th metacarpal bones. Genital examination revealed penoscrotal hypospadias, small fallus (2 cm in length), severe chordee, bifid scrotum and palpable right testis. Left testis was not palpable. Abdominal ultrasonography and echocardiography were in normal limits. Pelvic US examination demonstrated vagina with no uterus in the pelvis. Scrotal US examination illustrated normal right testis in the scrotum, left testis could not be revealed by inguinal/pelvic US. PCR analysis detected the presence of Y chromosome specific sequences included in this study except SRY in this patient (Fig. 2) . Additional cytogenetic analysis was performed in blood lymphocytes and skin fibroblasts, but showed no marker chromosome. Pathological examination of both gonads showed the testicular tissue with immature seminiferous tubules. PCR analysis of immature testis tissue DNA sample with DYS14 (testis specific protein Y [TSPY]) primers was also found to be positive. The undescended testis was found and removed by laporatomy and the descended testis was scheduled for close follow-up due to the high risk of gonadoblastoma development.
DISCUSSION
The present study demonstrated that two out of 40 patients (5%) with a 45,X karyotype have Y specific sequences detected by PCR analysis. Presence of Y chromosome derivatives has been suggested as 5% by conventional cytogenetic methods and 9.2%-12% by flourescence in situ hybridization (FISH) due to the low level of Fig. 2 . Multiplex PCR detection of SRY and GAPDH. M, a molecular weight marker; 1, multiplex male control; 2, multiplex patient 35; 3, multiplex patient 38; 4, multiplex female control; 5, multiplex su; 6, marker; 7, SRY male control; 8, SRY female control; 9, SRY water; 10, GAPDH male control; 11, GAPDH female control; 12, GAPDH water. mosaisizm in TS (Gravholt et al. 2000; Quilter et al. 2002) . However, the frequency of Y sequences in patients with TS varies from 0% to 61% depending on the molecular methods used and the patient population studied. This variability may be caused by the number of the patients with mosaic marker chromosome, selection of the Y chromosome specific primers, different tissues tested and molecular methodology used by different study groups (Kokova et al. 1993; Binder et al. 1995; Coto et al. 1995; Larsen et al. 1995; Patsalis et al. 1997; Osipova et al. 1998; Lopez et al. 1998; Quilter et al. 1998; Mendes et al. 1999; Fernandez-Garcia et al. 2000; Gravholt et al. 2000; Nishi et al. 2002; Alvarez-Nava et al. 2003) . Therefore, it is difficult to compare our results with previously reported results. Our Y chromosome specific primer set was almost similar to the primer set used in the study of Nishi et al. (2002) . They demonstrated Y specific sequences in four patients in a study group of 122 patients revealing 3.3% detection rate. However, all of these patients, who had been positive for Y sequences by PCR, also had mosaic marker chromosome by cytogenetic analysis. The authors could not find any Y sequence in 66 patients with a 45,X karyotype by PCR. Furthermore, when they performed nested PCR for only SRY and TSPY sequences, the positivity was found in 14% of woman controls and 25% of the patients. In the view of their findings, they concluded that nested PCR could have overestimated the results. Binder et al. (1995) , Coto et al. (1995) , Larsen et al. (1995 ), Fernandez et al. (1996 and Lopez et al. (1998) used similar Y specific sequences and found that the ratio of Y sequences in patients with a 45,X karyotype were 3.3%, 26.6%, 9.1%, 11.1%, 12%, respectively. Quilter et al. (1998) reported 4% (2/50) in patient have a 45,X karyotype with eight primer set along Y chromosome. They found low level Y mosaicism in patients with positivity in PCR reactions after additional cytogenetic analysis of 100 metaphases. We also performed additional cytogenetic analysis of 100 metaphases in blood lymphocytes and 70 in metaphases skin fibroblasts in patient It was surprising that despite having similar Y-chromosome sequences, the degree of virilisation was variable in our two patients, one having severe signs of virilisation and the other showing no signs of virilisation. Several molecular mechanisms and genes identified playing important roles in sex determination and differentiation are described in the literature. Qin and Bishop (2005) demonstrated that SRY related HMG Box Gene 9 (Sox9) is sufficient for functional testis development producing fertile male mice in the absence of SRY. Testicular tissue was detected in the absence of SRY in our second case. Other genes which are involved in sex determination and differentiation will be tested as planned.
It is well known since 1970 that the presence of Y material in patients with dysgenetic gonads increases the risk of gonadal tumor development such as gonadoblastoma and disgerminoma (Scully 1970; Verp and Simpson 1987) . Hsu (1994) suggest that development of gonadoblastoma risk in patients with Y chromosome mosaicism is lowest in phenotypic males, intermediate (0.5%) in patients with ambiguous external genitalia (as in our patient #38) and the highest (22%) in phenotypic females (as in our patient #35). Gonadoblastoma is a mixed germ cell-sex cordstromal tumor developing in dysgenetic gonads. Hormone treatment in patients with a 45,X karyotype also increases the risk for gonadal tumor development (Page 1987) Hence, detection of cryptic Y chromosome derivatives is so important for the management and close follow-up of these patients, that should be emphasized by appropriate genetic counselling.
Our patient #35 with the presence of Y sequences also had unilateral renal agenesis. Coto et al. (1995) suggested that renal anomalies m a y b e a s s o c i a t e d w i t h t h e p r e s e n c e o f Y-chromosome sequences. Bilge et al. (2000) has reported the frequency of renal anomalies in patients with a pure 45,X karyotype as 51.1%. In our series of 40 patients eight patients had renal anomalies, and the frequency rate being 20%. The seven renal anomalies other than renal agenesis were horseshoe or ectopic kidneys and the frequency of detection being 17.5%. This rate has been reported as 17.7% in the study of Bilge et al. (2000) .
In conclusion, we found that 5% of patients with a 45,X karyotype have Y chromosome sequences by PCR analysis even in the absence of any marker chromosomes. Our data also supports that the patients with a 45,X karyotype should be analyzed for the presence of Y chromosome derivatives by sensitive molecular methods to predict the future risk of gonadoblastoma development.
